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(2015 A study of tropical crickets suggests that a twitchy response to ultrasonic bat calls has been co-opted for mate location. The neuroethological approach picks apart some surprising evolutionary steps that could inform the widespread occurrence of complex duetting behaviour.
What accounts for the impressive complexity and behavioural coordination of mate signaling in so many species? One idea that researchers have come to appreciate in recent decades is that pre-existing biases in sensory mechanisms can provide a ready-made substrate for sexual selection to exploit in the context of mate attraction [1] . It would seem logical that mating signals evolving in such circumstances should mimic or overlap with cues that provoke positive responses in potential mates, such as colouration or movement associated with tasty food items [2, 3] . However, male courtship signals can also evolve to exploit aversive stimuli, such as predator cues.
Examples of the latter are less common, but classic research on sensory exploitation in moths has shown that males in some species produce an ultrasonic signal mimicking predatory bat calls that cause females to freeze, which facilitates mating [4] [5] [6] . A recent study by ter Hofstede et al. [7] in Current Biology proposes that a similar mechanism of sensory exploitation may have driven the evolution of a complex, multi-modal mating duet in a group of tropical crickets -the Lebinthini (Figure 1 ). Their study coincides with a recent publication by Rajamaran et al. [8] on a bushcricket, Onomarchus uninotatus, which displays a similarly complex duet involving the same two modalities: acoustic song and vibration [8] . Sexual duetting is a well-established phenomenon in many insect taxa [9] . However, both the field cricket and bushcricket present tricky evolutionary puzzles to crack, because sexual communication in each species involves more than one set of signals and responses whose smooth functioning depend on one another [7, 8] .
If a sexual signal arose through sensory exploitation, the response to the signal should predate the appearance of the signal itself [10] . To peel apart the co-evolutionary steps that might be involved, ter Hofstede et al. [7] took a phylogenetically-informed approach, and started off by observing that in three species of lebinthines, males do not produce the low-frequency chirps characteristic of more basal lineages of grylline crickets. Instead of a 5-6 kHz call, lebinthine males sing anywhere from 14-17 kHz, putting them out of the range of many human listeners and more in line with the echo-location calls of bat predators. ter Hofstede et al. [7] found that lebinthine females did not respond to low-frequency calls. Instead, they show a sharply-tuned response to the high-frequency songs of conspecific males.
However, high-frequency male song does not lure lebinthine females via phonotaxis the way low-frequency song does in more basal cricket species. Instead, females react as though startled: right after hearing a male's ultrasonic call, about a tenth to half a second later, females twitch their legs. The females are typically perched on vegetation, and it looks as if they are grabbing hold and giving the leaf a good shake. Using laser vibrometry to characterize the ensuing vibrations, the researchers suggest that each species has a characteristic vibration pattern and response latency. These substrate-borne vibrations could function to orient males to the female's stationary position, and pairs appear to duet back-and-forth until the male makes physical contact with the female.
The intriguing thing about this is that grylline crickets and other insects are well-known to produce acoustic startle responses to ultrasonic signals [11] . It is equivalent to the involuntary shudder we experience when fingernails screech across a chalkboard. If a cricket happens to be in flight, the response causes the body to dip in an aerial maneuver that reduces the risk of getting caught by a bat [12] . When the researchers compared the responses of four basal cricket lineages with those of the three lebinthines, they found that more basal species displayed a startle response to high-frequency signals, while lebinthine females initiated vibratory responses almost an order of magnitude longer after the ultrasonic cue. This is a key difference: short latencies are characteristic of startle responses, but delayed responses with species-specific timings are hallmarks of signals that function in mating duets [9] . ter Hofstede et al. [7] take this to suggest that a pre-existing high-frequency startle response has become evolutionarily elaborated in lebinthines, resulting in a vibratory response with male-attracting properties.
Neural recordings and anatomical studies in representative species from the basal and derived clades support the hypothesis that sensory exploitation facilitated this evolutionary transition. In the basal Gryllus bimaculatus, there are distinct neurons associated with low-frequency or high-frequency responses, which transmit acoustic signals towards the central nervous system. They show correspondingly sharp tuning to artificial playbacks at 5 kHz vs. 14 kHz, resulting in positive vs. negative phonotaxis. However, in the lebinthine Cardiodactylus muria, neurons transmitting acoustic information towards the brain show only one response: it is at 14 kHz and it almost perfectly matches female vibrational response thresholds. Neural staining in the same species revealed a corresponding lack of distinction between the two types of neuron, though it is unclear whether the low-frequency neural equipment has been secondarily lost, or whether selection has shifted its function to relay high-frequency signals.
ter Hofstede et al. [7] suggest that an evolutionary change to dominant high frequency calling song components enabled lebinthine males to exploit existing female startle responses [7] , but the selective forces that favoured that male frequency shift remain a mystery for now. Ordinarily, male crickets pay the fitness costs of producing conspicuous acoustic signals, while females incur search costs associated with their phonotactic responses to male songs. In the study by Rajamaran et al. [8] , O. uninotatus males appear to have shifted their signals in the opposite direction, producing a lower-than-typical calling song that is consistent with avoidance of bat predators. In the Lebinthini, however, these sex-specific costs seem to have been strangely modified: females may escape bat predation as they no longer move around to find males, but now they invoke signaling costs when producing vibrations. As for males, additional search costs are imposed now that they are the ones moving about to find females.
There could be many reasons for male signal shifts: some cricket species lack wings (Myrmecophilinae), others have undifferentiated wings and do not sing (Mundeicus spp.) [13] , and some males in Hawaiian populations of Teleogryllus oceanicus have recently evolved song loss due to a mutant wing phenotype [14] . In the Lebinthini, coevolution coupling changes in male song frequency, female vibratory responses and male vibrotaxis is not inconceivable -ter Hofstede et al. [7] suggest a runaway-like process -but it is notoriously challenging to crack this chicken-and-egg paradox [9, 15] . We suspect the way forward lies in examining the ecological context in which the lebinthine communication system evolved. For example, it would be exciting to empirically test whether and how males mitigate bat predation costs incurred by their high song frequency plus exposure during searching, as the song frequency shift seems likely to have been a key step in establishing the conditions necessary for sensory exploitation and sexual selection to shape multimodal duetting in this system. More information about acoustic competitors, the relative risk of bat predation, mechanical limitations of vibrational transmission, and close-range pairing dynamics will undoubtedly inform the selective forces at play. Sexually antagonistic selection to reduce female predation risk by echolocating bats may have been an important factor in the evolution of multi-modal duetting in lebinthine crickets, as was suggested in Onomarchus uninotatus [8] . Experimentally demonstrating sex reversal in fitness costs of mate searching, and relating this to the reversal in search roles seen in lebinthines, would strengthen the argument for sensory exploitation.
Evolutionary switches involved in establishing multi-modal duetting in lebinthine crickets seem to have warped the cost and benefit structure of each sex's signal and response. The mystery of this is how the system progressed through seemingly non-adaptive evolutionary intermediates -valleys between adaptive peaks -and ter Hofstede et al. [7] have illuminated an important role of sensory exploitation in that process. Future insights from the all-singing, all-dancing lebinthine crickets can inform how sexual communication systems using different modalities and exquisitely time-sensitive duetting behaviour evolve, and ultimately how such signal complexity contributes to broader patterns of divergence and speciation.
Extracellular DNA is an important component of the biofilm matrix. Now, Pseudomonas aeruginosa is shown to control autolysis through the production of HQNO, a quorum-sensing-regulated respiratory poison. Thus, HQNO-driven autolysis links programmed cell death with quorum sensing and biofilm formation.
If one starts a liquid culture of Pseudomonas aeruginosa, it becomes turbid overnight as the bacteria grow through log phase and into stationary phase. Leave the culture to grow over the weekend, however, and the culture will clear as the bacteria spontaneously lyse. The phenomenon of bacterial autolysis, a form of programmed cell death, evokes many questions. What is the relationship between autolysis and bacterial density? Is there a population benefit to autolysis regulated by quorum sensing? Does bacterial autolysis parallel early events in eukaryote programmed cell death? A new report by Hazan et al. [1] published in this issue of Current Biology addresses these questions by elucidating the molecular mechanism of bacterial autolysis, and in doing so provides an adaptive rationale for what seems like an evolutionarily futile occurrence. The report also clarifies a role for the quorum-sensing molecule HQNO in P. aeruginosa physiology, and provides a
